A two-stage electrochemical synthesis method was developed to prepare antimicrobial silver-hydroxyapatite (Ag-HA) composite coatings. In the first stage, a titanium substrate was coated with hydroxyapatite (HA) through electrochemical crystallization from aqueous solution. In the second stage, silver nanoparticles were deposited onto the HA layer through electrochemical reduction of aqueous Ag + to Ag 0 . Silver nanoparticles having a narrow size distribution were found to deposit uniformly on the HA layer. The quantity and size of silver nanoparticles were shown to be controlled by the electrochemical deposition time under constant applied electrical current density. Ag-HA composite coatings were found to be bioactive based upon the promotion of the deposition of additional calcium phosphate onto the Ag-HA coating surface from simulated body fluid. Staphylococcus aureus bacteria growth was inhibited by coatings of Ag-HA, while HA coatings without silver had little effect on growth of the bacteria. The novel composite Ag-HA coatings can potentially be used in orthopedic and dental implants to simultaneously improve osseointegration and prevent post-surgical infection.
ods have been developed to synthesize silver nanoparticles [23] [24] [25] [26] . Among these 44 approaches, the reduction of Ag + to Ag 0 is attractive for the potential to rapidly 45 produce large quantities of product at low cost [27] [28] [29] [30] by ion exchange [37] , and electrophoretic deposition [38] . In the present study, as a cathode. In the second stage, silver is electrochemically reduced from silver tibacterial effect without inducing cytotoxicity, as reviewed recently [42] . 
153
In the second stage, the HA coated titanium was placed in a solution of 1.25
154 mM NaCl while heating to 95°C. When the desired temperature was obtained, Table 1 : Composition of Ag-HA coating as determined by energy dispersive X-ray spectroscopy on the sample shown in Figure 1 .
patterns. The XRD pattern confirms the presence of metallic silver, and the ratio of as:
where D is the mean size of the crystalline domain, K is the dimensionless shape 182 factor, λ is the X-ray wavelength, β is the line broadening at half the maximum 
195
It is believed that metallic silver is deposited on the surface due to the electro-196 chemical reduction of Ag + through the cathodic reaction:
The reaction requires electrons to be transported from the cathode to silver cations so that Ag + is directly reduced on the surface.
213
The role of NaCl during synthesis is to lower and moderate the concentration were carried out. In the first experiment, the same procedure used to produce the 216 sample shown in Fig. 1a was followed except that NaCl was not added. To examine the nanoparticle growth rate, the silver reduction reaction was car-240 ried at a fixed current density while varying the time that the current was applied.
241
The applied current density was held constant at 12.8 mA/cm 2 using an electrolyte is well represented by a linear fit, as seen in Fig. 5a . The results suggest that 259 mass transfer of Ag + is not limiting the reaction in the time range investigated.
260
As the reaction is carried out for longer time, the silver nanoparticles grow larger In the SBF experiments, two types of samples were compared. The first sam-
Biomineralization from simulated body fluid
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ple was HA produced after the first stage without depositing Ag nanoparticles.
284
The second sample was the Ag-HA sample in which Ag nanoparticles were de- was applied to a flat plate of titanium having a total surface area of 1.56 cm 2 .
316
Each coated titanium plate was submerged in 2 ml of bacteria suspension, and 
322
The control experiment shows the exponential increase in light scattering consis- as measured by light scattering in Fig. 7 were also effective in killing nearly 338 all bacteria, as indicated by the low number of colony forming units in Fig. 8 .
339
The HA coated titanium had no effect on the number of colony forming units as and to investigate cytotoxicity.
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Figure 8: Number of E. coli colony forming units after 12 hr growth onto agar plates at 37°C for bacteria exposed to HA and Ag-HA samples for 0 and 8 hr as compared to the control without a titanium plate. The height of the bars is the mean measured value and the error bars indicate standard deviation.
Conclusions
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The 
